Optimal treatment of pediatric craniopharyngioma continues to be controversial. Survival rates among pa tients treated with limited resection followed by irradia tion are similar to results after radical resection. 12, 25, 44, 65, 68, 85, 86, 94, 95, 98, 113, 116, 123, 125 The risk-benefit analysis of reopera tion versus other salvage therapies, however, is unclear. Several authors have reported increased rates of mortal ity, morbidity, decreased chance of achieving GTR, and decreased OS after reoperation. 8, 11, 12, 19, 25, 27, 33, 48, 49, 117, 123 Most attribute the diminished success to the fact that recurrent tumors are more likely to lose their typical subarachnoid cleavage plane, making reoperation more difficult and dangerous. 25, 33, 46, 67, 110, 122, 123, 125 Such findings afford even less consensus regarding the optimal management of re current tumors.
The relative rarity of childhood craniopharyngiomas, the lack of consensus regarding their optimal manage ment, and the potential morbidity of treatment make eval uations of treatment modalities controversial and difficult to interpret. Although some surgeons advocate reopera tion for craniopharyngioma recurrence, 19, 24, 25, 46, 117, 122, 125 the utility and safety of this approach are unclear.
In this study, we analyze the overall and progressionfree sur vivals and neurological, visual, endocrinological, and functional outcomes in a large series of children who un derwent radical resection of primary and recurrent cran iopharyngiomas performed by a single surgeon.
Methods
Between 1986 and 2008, 86 consecutive children underwent 103 operations for excision of craniophar yngiomas, which were performed by the senior author (J.H.W.) at New York University Langone Medical Center. All patients were younger than 21 years of age at the time of surgery. Following approval by institutional review board, data were retrospectively collected by reviewing office and inpatient records, pre-and postoperative and last followup CT scans and/or MR imaging studies, and operative reports. Patient characteristics, prior treatments, imaging features, extent of resection, recurrence rate, time to progression, and other oncological treatments were re corded. Longterm followup information was obtained between 2006 and 2008 by contacting patients, families, and referring physicians and from records of the last fol low-up office visit. Of note, some patients in this series were included in other reports on various aspects of the management of craniopharyngiomas in children. 30, 93, 119, 122 Fourteen patients (16%) were from foreign countries. Followup data after 6 months were missing for an in ternational and a domestic patient and, therefore, they were excluded from longterm analyses. Thirteen patients (15%) died during the study period. Sixty patients were alive and either seen by a doctor between 2006 and 2008, or they or their relatives were reached by telephone be tween 2006 and 2008 . At the telephone interview, the weight, height, and age of the patients were selfreported and recorded. The remaining 11 patients could not be reached but had partial followup and were censored at time of last followup. Six patients with censored follow up were international.
Patients with primary tumors were defined as those who received no treatment prior to presentation at our in stitution; patients with recurrent tumors were those who re ceived a variety of treatments at outside institutions prior to resection at our institution (Table 1) . Grosstotal resection via transcranial, transsphenoidal, or combined approach was the primary aim of treatment in all patients. Surgeon impression after tumor removal using microscopic and, more recently, endoscopic visualization was combined with postoperative MR imaging and CT scanning to deter mine the extent of resection. A neuroradiologist indepen dently reviewed the pre and postoperative images. Tumor location, as determined by preoperative imaging and in traoperative surgeon impression, was categorized as pre chiasmatic, retrochiasmatic, lateral when tumor primarily involved the cavernous sinus, purely intraventricular within the third ventricle, or complex with both pre and retrochi asmatic components. Tumor size was recorded as the larg est diameter in any plane on imaging. Grosstotal resection was defined as no tumor by visual inspection after resec tion and no residual softtissue mass or enhancement sus picious for tumor on imaging. Minimal residual calcifica tion on postoperative CT scanning without residual bulky tumor or contrast enhancement was still considered GTR. 28 All cases with residual soft tissue or enhancement were deemed STR. All patients who had residual tumor after resection went on to have adjuvant therapy unless they had received the maximal radiation dosage prior to treatment at our institution. Details of our surgical protocol have been described in prior publications. 93, 121 Postoperative imaging was obtained as follows: every 3 months for the 1st year, every 4 months for the 2nd year, every 6 months for the next 3 years, and then every year for the next 5 years.
Outcome variables measured included the BMI ]) with Z scores, 89 endocrine replacement regimen, status of pituitary stalk determined intraoperatively, VA and VF testing pre and postoperative ly (performed by pediatric ophthalmologists), neurological examinations pre and postoperatively, complications, op erative mortality (defined as death within 30 days of opera tion), subsequent seizures requiring medications, and high est level of education and need for educational assistance.
We compared surgical, functional, and survival out comes among patients with recurrent tumors and those who underwent primary resection at our center. In addition to BMI analysis, hypothalamic dysfunction was character ized as mild, moderate, or severe as per the grading scale used by De Vile et al. 23 ( Table 2 ). This scale was converted to an ordinal number scale for statistical analysis (1 = nor mal, 2 = mild, 3 = moderate, 4 = severe). Developmental (for preschoolage children) and educational (for school age children) outcomes were based on neuropsychological testing when available and evaluations by pediatric neu rologists or primary pediatricians specifically document ing developmental or educational status. Outcomes were classified as excellent in children who achieved good or excellent grades at the appropriate grade level, and in those who entered and/or graduated from college. Good out comes were found in children who were meeting their de velopmental milestones if they were too young for school or achieving passing grades at the appropriate grade level with or without tutoring. Fair outcomes were cases in which children were behind in school or milestone development or those who required special education. Poor outcomes were those in which patients had severe cognitive deficits, IQ < 80, or required significant assistance with activities of daily living. Overall functional morbidity-including neurological, hypothalamic, pituitary, visual, and psycho social dysfunction-was assessed using the 4tiered clas sification system proposed by Wen et al. 120 (Table 3) . Wen scores were converted into ordinal numbers for statistical analyses. Subgroup analysis was performed to determine the impact of previous treatment, tumor location, and tu mor size on functional status before and after surgery.
Statistical Analysis
The OS and PFS were measured from the date of sur gery to time of death or tumor recurrence, respectively. The OS and PFS were analyzed using the KaplanMeier method, and comparisons were made using logrank chi square testing. Point estimates for 2.5year OS and PFS with 95% CIs were calculated to compare OS and PFS of patients with primary and recurrent craniopharyngiomas. The point estimate of 2.5 years was chosen because only 2 deaths and only 4 (22%) of 18 recurrences occurred af ter that time, yielding the most accurate CIs. Tumor size, tumor location, age of 5 years or younger at time of sur gery, and presence of hydrocephalus and a VP shunt were analyzed using logrank tests and in a multivariate fashion using the Cox proportional hazards model to determine their influence on OS and PFS. Hazard ratios and 95% CIs were calculated. Univariate and multivariate ORs with 95% CIs were calculated using logistic regression to analyze potential risk factors affecting extent of EOR as a binary dependent variable (STR or GTR). Chisquare and Fisher exact tests were used to compare proportions between more than 2 groups and 2 groups, respectively. Student ttests and MannWhitney Utests were used to analyze parametric and nonparametric variables, respec tively. All statistics were calculated with SSPS (17.0 for Mac; SSPS, Inc.), SAS 9.1 (SAS Institute, Inc.), or STATA 8 (StataCorp LP) software. A 2tailed p value < 0.05 was considered statistically significant for all analyses.
Results

Patient Demographics and Presentations
Of the 86 patients included in this study, there were 51 males (59%) and 35 females (41%). Fiftyseven patients (66%) presented with primary and 29 patients (34%) with recurrent tumors. Figure 1 shows the distribution of pa tient ages at the time of surgery at NYU Langone Medi cal Center. The mean age for the entire cohort at time of surgery was 9.6 ± 4.83 years (SD). Patients who pre sented with primary tumors were significantly younger (mean 8.3 ± 4.5 years; range 1-21 years) than those who presented with recurrent tumors (mean 12.0 ± 4.6 years; range 3-19 years; p < 0.001). There was no difference in sex distribution between the 2 groups (p > 0.05). Of the 12 patients who received radiotherapy prior to referral to our institution, STR plus radiotherapy was the intended treatment plan in 8. The remaining 4 patients received radiotherapy after attempted GTR that resulted in STR.
Data on predominant symptoms at time of initial presentation were available in 84 patients (98%). The most common presentations were headache in 45 patients (54%), vision loss in 17 patients (20%), and short stature in 11 patients (13%). The remaining 11 patients (13%) presented with DI, lethargy, diplopia, or seizures, or were discovered incidentally.
Preoperative Imaging and Hydrocephalus
Imaging data were available for 83 (96.5%) of 86 children. Fortyone (49.4%) of 83 tumors were prechias matic, 35 (42.2%) were retrochiasmatic, and 5 (6%) were complex. One tumor was lateral to the chiasm, partially within the cavernous sinus (1.2%), and 1 tumor was com pletely within the third ventricle (1.2%). Figure 2 shows the distribution of tumor sizes for 83 patients. The mean tumor size for the entire cohort was 4 ± 1.6 cm. Tumoral calcification was present in 58 (94%) of 62 patients with preoperative CT studies or on reports available for review. The proportion of patients in the recurrent group who had a VP shunt (12 [43%] of 28) was significantly higher than that in the primary group (8 [15%] of 55, p = 0.004). There were no significant differences between primary and recurrent groups in terms of tumor size, presence of calcification or hydrocephalus, relationship to chiasm, or surgical approach.
Surgical Approach
A pterional craniotomy with partial orbitozygomatic osteotomy was performed in 85 patients (99%) for the initial surgery at our institution. One patient underwent a transcallosal approach for a tumor situated entirely within the third ventricle. Five patients had staged pro cedures for large tumors with significant extension out side of the suprasellar region. Three patients underwent transsphenoidal approaches: 1 as part of a staged primary surgery and 2 for recurrent disease. Of the 40 patients with retrochiasmatic tumor extension (35 retrochiasmatic, 5 complex), the lamina terminalis was fenestrated in 28 patients, left intact in 9 patients, and was indiscernible secondary to scar tissue from prior surgery in 3 patients.
Perioperative Mortality
Three deaths occurred in the perioperative period, yielding an overall operative mortality rate of 3% for the 103 total operations (2 in the primary group, and 1 in the recurrent group). One death was due to laceration of the internal carotid artery in a patient with a recurrent tumor. The remaining 2 patients had small primary tumors (2 cm) and were neurologically intact following the operation. One of these patients had familial dysautonomia and suffered a dysautonomic crisis on postoperative Day 6 and died. The other patient died of refractory malignant cerebral edema on postoperative Day 3. The cause of death was unclear despite an autopsy study, but vasospasm was suspected. Overall, 1 death occurred in 46 operations performed on recurrent tumors (29 operations in the recurrent group, and 17 reoperations after resection), yielding an operative mor tality of 2.2% at reoperation.
Surgical Outcome
For all 86 patients, GTR was achieved in 75 patients (87%). Among the patients with primary tumors, GTR was achieved in all 57 (100%), while in recurrent tumors, GTR was achieved in 18 (62%) of 29, resulting in a statistically significant difference (p < 0.001). The remaining 11 patients (38%) in the recurrent group underwent STR. The reasons for incomplete resection were adherence of a calcified tu mor to major cerebral arteries in 9 children (resulting in arterial laceration and stroke in 3 cases), calcific adherence to the cavernous sinus in another, and fusion of tumor to the floor of the third ventricle in the remaining child.
Follow-Up Analysis
Excluding the 2 patients lacking followup and the 3 patients who died perioperatively, 81 patients were avail able for followup analysis. Figure 3 shows the distribution in duration of followup. The mean duration of followup for the entire cohort was 9.0 years (median 8.3 years; range 3 months-22.8 years). The patients in the primary group had longer durations of followup than the recurrent group (mean 129 vs 67 months; p < 0.001).
Tumor Recurrence
Of 81 patients (excluding 3 patients who died periop eratively and 2 with no followup), 18 patients had recur rence or progression of residual tumor (22%). Of the 71 patients who had GTR, 14 patients experienced recurrence (20%). Among the patients with a GTR, there was no dif ference in the rate of recurrence between the primary tu mors (11 [20%] of 54) and the recurrent tumors (3 [18%] of 17). The mean time to recurrence in patients who had GTR was 28.5 ± 32.8 months (median 20 months; range 1-123 months). All recurrences after GTR developed at or before 48 months except for 1 case in which the patient experienced an ectopic recurrence in the prepontine cis tern more than 10 years after initial resection.
Tumor progression occurred in 4 (36%) of 11 patients who underwent STR at a median time of 3.5 months (range 2-32 months). Figure 4 shows that PFS was also significantly longer for patients with primary tumors (logrank test = 10.46; p = 0.0012). Using 2.5year point estimates, PFS was significantly higher in children with primary tumors (0.86; 95% CI 0.73-0.93) compared with recurrent tumors (0.60; 95% CI 0.38-0.76).
Adjuvant Therapy and Treatment at Recurrence
Fourteen children experienced a total of 16 recur rences after GTR and 11 had residual tumor after STR. Only 3 (19%) of 16 recurrences after resection were symptomatic (vision loss in all 3); the remaining recur rences were all discovered on surveillance imaging in the absence of symptoms. The management of recurrent and residual tumors is summarized in Table 4 . Treatment of tumor recurrence after GTR consisted of immediate re operation in all but 1 patient. A GTR was achieved in 10 (71%) of 14 patients at first recurrence. One patient devel oped delayed fusiform dilation of the carotid artery and an 8mm tumor recurrence medial to this vessel. Given the potential for vascular injury, the patient underwent GKS and is disease free 67 months following treatment.
Of the 11 patients who underwent STR, 1 patient died of tumor progression in a foreign country and 1 pa tient died perioperatively. All but 3 of the remaining 9 patients who had STR received adjuvant therapy for re sidual tumor. One patient had received maximal adjuvant radiotherapy after STR prior to surgery and, thus, was not given additional radiotherapy. Another patient suf fered a significant stroke, and adjuvant therapy was with held. The third patient had minimal enhancement and suspected tumor adherent to the carotid and basilar ar teries that has remained stable on serial imaging. Of the remaining 6 patients, 4 received radiotherapy, 1 received intracavitary bleomycin, and 1 received multimodality treatment for multiple recurrences (STR 3 times, GKS, and additional radiotherapy). Three patients who under went GTR received radiotherapy for residual calcification given a prior recurrence (2 following primary resection and 1 following reoperation). This is no longer our policy for patients with minimal residual calcification. Two patients suffered secondary recurrences despite repeat GTR. One patient developed ectopic disease in the cerebellopontine angle cistern, which was treated with GTR via retrosigmoid craniotomy. The second patient de veloped a recurrence in the cavernous sinus after complete transsphenoidal removal and was subsequently treated with protonbeam radiotherapy.
Disease Control
Disease control was achieved in 74 patients (91%) at final follow-up. Sixty-nine patients (85%) were rendered disease free, and 5 patients (6%) had stable residual dis ease. Seven patients (9%) had progressive disease despite all forms of treatment. The difference in the proportions of patients with progressive disease between primary and recurrent groups was not statistically significant (3 [5.6%] of 54 vs 4 [14.8%] of 27, respectively). Overall, surgery alone at presentation and at time of recurrence afforded disease control in 67 (83%) of 81 patients.
Disease control was achieved after a single surgery in 80% of patients with primary tumors. Of the 11 recur rences in the primary group, disease control was achieved with a second GTR alone in 5 patients. Thus, durable dis ease control was achieved surgically in 89% of children with primary tumors. Five patients received cranial ir radiation (2 stereotactic and 3 conformal radiotherapy), yielding an overall disease control rate of 98%. Only 1 child in the primary tumor group had progressive disease at last followup.
Among the patients referred to our institution with re current craniopharyngiomas, disease control was achieved in 82% of the patients in the recurrent group who underwent GTR. Disease control was achieved in 2 more patients after another GTR and after 2 additional GTRs in a third. Over all, for children with recurrent tumors, disease control was obtained in 63% of patients with surgery alone and in 85% of patients overall. Thus, patients in the primary group had significantly higher rates of overall and surgically achieved disease control than those with recurrent tumors at presen tation (p < 0.016 and p = 0.04, respectively).
Outcome of Tumor Recurrence After GTR
Fourteen children experienced a total of 15 instances of tumor recurrence after GTR. All underwent reopera tion at the time of recurrence except 1 child who under went GKS. A GTR was achieved in 79% of reoperations, and tumor size was significantly smaller than that in the original group with recurrent tumors (p < 0.002). Two patients experienced transient CN VI palsy that resolved completely by 3 months postoperatively; the rate of per manent neurological morbidity was significantly less than the rate in the original group with recurrent tumors (0 vs 32%; p < 0.006). Only 1 patient experienced VA/VF de terioration, which was not significantly different from the visual morbidity of the original recurrent group. No chil dren in this group experienced hypothalamic dysfunction, memory dysfunction, or increased BMI following reoper ation. One child died during the followup period; the OS for this group of children was 92% at a mean followup of 8 years (median 7.6 years; range 5-271 months).
Risk Factors for STR
The following analyses were performed to determine the risk factors for STR in 28 children with recurrent tu mors upon referral (data were unavailable for 1 patient). Table 5 shows the uni and multivariate ORs for variables potentially affecting EOR in recurrent tumors obtained using logistic regression analysis. Prior radiotherapy was the most significant risk factor for incomplete resection of recurrent tumors (OR 9.33, 95% CI 1.65-52.7; p = 0.011), followed by increasing tumor size (OR 2.04, 95% CI 1.10-3.78; p = 0.024).
Overall Survival
Excluding 2 patients lacking followup data, 13 (15%) of 84 patients died during the study period. Three deaths occurred intra or perioperatively, and 10 deaths occurred in delayed fashion. Two deaths were directly attributed to tumor progression. Two patients died of endocrine cri ses, and the following causes were each responsible for 1 death: shunt malfunction, complications of tracheostomy and respiratory difficulty, sepsis, radiation-induced glio blastoma multiforme, complications due to periopera tive stoke, and complications of congenital heart disease. Thus, 12 (92%) of 13 deaths were attributable to com plications of the diagnosis and/or treatment of cranio pharyngioma. The OSs at last followup for the primary and recurrent groups were 93% (52 of 56) and 68% (19 of 28), respectively. Figure 5 shows that OS was signifi cantly longer for patients with primary tumors (logrank test = 14.2; p = 0.0002). Using 2.5year point estimates, OS was significantly higher for children with primary tu mors (0.93, 96% CI 0.82-0.97) compared with recurrent tumors (0.73; 95% CI: 0.51-0.86). Table 6 summarizes the hazard ratio values from Cox proportionalhazards multivariate analysis of risk factors affecting OS and PFS. Risk factors for decreased survival included incomplete resection, giant tumor size, and pres ence of hydrocephalus or a VP shunt. There was no differ ence in OS or PFS in children 5 years of age and younger compared with children older than 5 years at time of sur gery. Subgroup analysis of children who underwent GTR showed that the only significant negative risk factor for OS and PFS was presence of a VP shunt (p = 0.04). The re maining variables did not reach statistical significance for children who underwent GTR.
Risk Factors Affecting OS and PFS
Neurological Outcome and Complications
Detailed preoperative neurological examinations were available in 82 patients (95%). Sixtysix patients were neu rologically intact at time of presentation (80.5%). Of the 16 patients with deficits prior to surgery (19.5%), hemipa resis was the primary deficit in 10 patients and lethargy in 3 patients. Of note, 4 patients with hemiparesis also had unilateral CN III palsies or lethargy (2 patients each). The proportion of patients in the primary group (7 [12.5%] of 56) who had preoperative neurological deficits was less than that in the recurrent group (9 [36%] of 25; p = 0.03).
Excluding 3 perioperative deaths, detailed postopera tive neurological outcomes were available in 80 patients (96%) and are summarized in Table 7 . Sixty patients (73%) were either improved (5%) or at their neurological base line (68%) in the immediate postoperative period after the initial operation at our institution. Twenty patients (25%) developed new major (in 8) and minor (in 12) neurological deficits in the immediate postoperative period. Five patients suffered strokes (5%), and another had a mild hemiparesis with nearcomplete resolution by 6 months. Three patients had severe lethargy and abulia that either partially or com pletely resolved by 2 weeks postoperatively. Eleven of these new deficits were CN palsies, 9 (82%) of which completely resolved by the 6month followup. Two patients required corrective surgery for persistent strabismus. At time of last followup, 10 patients (12.5%) had permanent postoperative neurological deficits. There was no significant difference in the rate of permanent neurological deficits between patients with primary and recurrent tumors. Sixteen patients (20%) were taking antiepileptic drugs at time of last followup for postoperative seizures.
Nonneurological complications occurred in 8 patients (8%). Three patients suffered postoperative infections (1 case each of epidural abscess, meningitis, and superficial wound infection) and 2 patients experienced hemorrhages requiring evacuation (1 epidural and 1 subdural hematoma). One patient developed tension pneumocephalus from a CSF leak that required transsphenoidal repair. One patient developed a symptomatic subdural hygroma that required subduralperitoneal shunting, and another patient suffered * There were no significant differences in neurological morbidity between primary and recurrent groups. † The VA examinations were available in 77 children (90%). A significantly higher proportion of patients in the recurrent group had preoperative VA deficits (p = 0.0065), but there was no difference in VA deterioration following surgery. ‡ The VF examinations were available in 77 children (90%). A significantly higher proportion of patients in the recurrent group had preoperative VF deficits (p = 0.0006) but there was no difference in VF deterioration following surgery.
a deep venous thrombosis requiring anticoagulation for 6 months. Followup MR imaging demonstrated fusiform dila tion of the carotid artery in 6 patients (8%). These patients were followed with yearly MR angiography and none has become symptomatic or required treatment.
Visual Outcome
Ophthalmological examinations including VA and VF testing were available for review in 77 patients (90%), and the results at time of last followup are summarized in Table 7 . Significantly more patients in the recurrent group had preoperative VA and VF deficits compared with the primary group (p = 0.01 and p = 0.007, respectively). Three patients were blind prior to surgery (1 primary and 2 re current), and another had vision limited to the left inferior quadrant with poor acuity. Postoperatively, there were no significant differences between the rates of improvement or worsening in VA or VF between the primary and recur rent tumor groups.
Deterioration in VA occurred in 12 patients overall, but only 3 patients experienced monocular blindness. One patient had a VA of 20/40 in the affected eye preoperative ly; another patient was too young for preoperative testing but had decreased vision compared with the unaffected eye prior to surgery; the final patient had vision only in the left inferior quadrant with poor VA prior to surgery. None of the 3 patients with preoperative blindness recovered vision. One patient with 20/40 VA bilaterally prior to surgery ex perienced marked deterioration in his vision postoperative ly and at the last followup was using Braille for reading.
Although VF deficits occurred in 15 patients, only 3 patients had deficits that interfered with daily function ing. The most common new immediate postoperative VF deficit was a new homonymous hemianopia contralateral to the side of approach (10 on the left side and 1 on the right). This was most likely due to manipulation of the ipsilateral aspect of the optic chiasm during tumor re moval via the pterional approach. This deficit resolved in 5 patients by the 6month followup. Six patients were left with a permanent complete homonymous hemianopia (3) or superior left quadrantanopia (3).
Endocrinological and Hypothalamic Outcome
Preoperative and postoperative endocrinological data were available for 77 (90%) and 80 (96%) patients, respectively. Twenty-five patients (32%) had DI prior to initial surgery at our institution. Significantly more pa tients in the recurrent group (19 [73%] of 26) had preop erative DI compared with the primary group (6 [12%] of 51; p = 0.0001). Postoperatively, 62 patients (78%) had DI, including 37 patients (43%) with new onset DI. Overall, there was no significant difference in the rate of perma nent DI between the primary (78%) and recurrent (89%) groups. There was no significant difference in the propor tion of patients who developed DI following stalk section (58 [83%] of 70) or preservation (6 [60%] of 10).
Analysis of endocrine replacement requirements was performed, examining the need for growth, sex, thyroid, and stress hormones. For all 77 patients with complete data, the mean number of hormones required was 2.34 ± 1.03 (median 2). The difference between the number of hormones required in the primary (2.5 ± 1.06) and re current (2.1 ± 0.91) groups was borderline significant (p = 0.075). There was no significant difference in the pro portion of patients with tumor recurrence or progression between children who received growth hormone supple mentation following surgery at our center (6 However, children in the recurrent group continued to have worse hypothalamic dysfunction after surgery than those in the primary group (p < 0.001) but no significant difference in BMI (p = 0.12). At last followup, 12 patients (19%) were obese (BMI > +2 SDs), 1 (1.6%) was severely obese (BMI > +3 SDs), and 1 was morbidly obese (BMI +4.11 SDs). The only morbidly obese child (BMI +4.11 SDs) was severely obese prior to surgery. There were no differences in pre or postoperative hypothalamic dys function or BMI in children with pre and retrochiasmatic tumors.
Prior to surgery, 8 patients had mild (5) or moderate (3) dysfunction in STM. Two of these patients experienced worsening of their premorbid STM deficits, and another child's STM deficits improved following resection. Eleven patients experienced new mild (10) or moderate (1) STM dysfunction postoperatively. Another patient with a 5cm intraventricular tumor experienced significant lethargy and permanent abulia and cognitive deficits following transcal losal resection. Six of these patients experienced signifi cant improvement over time.
Educational Status
Preoperatively, cognitive deficits were specifically documented in 18 children (mild, 10; moderate, 5; and severe, 3). Functional outcomes at time of last followup for the primary and recurrent groups are presented in Fig.  6 (79 patients) . Overall, excellent outcomes were achieved in 31 children (39%), good outcomes in 24 (30%), fair in 16 (20%), and poor in 8 (10%). Of the poor outcome group, 4 children had significant deficits on formal IQ testing (IQ < 80), and 4 were disabled enough to require significant assistance with activities of daily living. Seven of the 8 children in this group had preoperative cognitive deficits (mild, 4; moderate, 2; and severe, 2). The final pa tient in this group experienced a midbrain stroke that left him physically dependent but cognitively normal. Among the 16 children who experienced a fair outcome, 8 had preoperative cognitive deficits. One child in the fair out come group made significant gains in cognition follow ing resection, but social isolation remained prominent. Three children who experienced good outcomes had mild preoperative deficits that improved postoperatively. No children with excellent outcomes had documented preop erative cognitive deficits, and 3 experienced gains in IQ scores of more than 10 points. Thirty-five (73%) of 48 patients 18 years of age or older at the time of last follow up were either currently in, had matriculated into, or had graduated from college. Three patients experienced im provement in their social interactive skills, and 1 child worsened in that domain following surgery. Figure 7 summarizes the overall functional status (Wen classification) of this cohort of children before (81) and after (79) radical resection. Preoperatively, patients in the recurrent tumor group had significantly worse func tional status compared with the primary group (p = 0.001). These differences were mostly attributable to panhypopi tuitarism and, less so, to visual deficits following initial treatment. Four of the Class IV patients were dependent secondary to complete (1 primary and 2 recurrent) or near blindness (1 recurrent).
Overall Functional Outcome
Postoperatively, there was no significant difference in Wen class between the primary and recurrent groups. Following treatment, there was a significant increase in Wen class for children in the primary group, mostly at tributable to panhypopituitarism following surgery (p < 0.001). No significant change in Wen class occurred in the recurrent group following surgery, consistent with the fact that many were already in Class II due to panhypopi tuitarism following original treatment.
Excluding 1 patient who lacked detailed imaging data, subgroup analysis was performed to determine the effects that tumor location and size had on functional sta tus before and after surgery. There was no significant dif ference in good pre and postoperative functional status between patients with pre and retrochiasmatic tumors (p = 0.45 and p = 0.85, respectively). In children with giant tumors (≥ 5 cm), there was a marginally significant trend toward worse functional status before surgery and signifi cantly worse functional outcomes following resection (p = 0.051 and p = 0.03, respectively).
Discussion
Given the location of craniopharyngiomas, the tech nical difficulty of their extirpation, and the potentially significant morbidity from treatment, controversy persists regarding their optimal management. The debate cen ters around those who have advocated radical resection for surgical cure, 12 47, 48, 116 In agreement with other authors, 11, 12, 24, 25, 53, 67, 117, 125 we believe that our series confirms the efficacy of radical re section of pediatric craniopharyngioma at both presenta tion and recurrence because it offers the best chance of durable disease control and potential cure with a good QOL. In this series of 86 children with craniopharyn giomas, GTR was achieved in 100% of patients at initial presentation and in 62% of patients in the setting of recur rence. This was achieved with acceptably low mortality and morbidity, and the surgical risks were not, in fact, higher at reoperation. However, GTR does not preclude recurrence, which occurred in 20% of patients after GTR. Nevertheless, repeat GTR at reoperation was possible in 79% of these patients. Thus, radical resection alone offers excellent rates of disease control and possible cure at both presentation and at recurrence.
Functional Outcome
With similar rates of disease control and survival among patients treated with limited resection followed by irradiation and those treated with radical resection, 12 Merchant et al. 65 reported increased neurological deficits, increased DI, and statistically insignificant trends toward greater IQ decline and worse QOL in patients who under went radical resection than in children treated with limited surgery followed by radiotherapy. Prior work by our group demonstrated overall QOL and neuropsychological out comes following radical resection to be within the normal range of children with other chronic diseases. Specific to craniopharyngiomas, however, some patients experienced deficits in social function and emotional reactivity. Such disturbances were more common in children with retrochi asmatic or recurrent tumors. 93 In a large surgical series by Zucarro, 125 all children who underwent GTR were in school and no more than 1 year behind in grade level, in contrast to only 62% of children who received STR and radiotherapy. Di Rocco et al. 25 reported overall improvement in mean IQ follow ing radical resection in 54 children (mean IQ 112; range 95-130). All but 2 of 50 surviving patients enjoy a normal social life. Riva et al. 88 reported no instances of cognitive or memory deficits in 12 children who underwent radical resection but noted increased emotional lability and im pulse control, possibly related to the subfrontal approach or hypothalamic injury. In a series by Hoffman et al., 46 26 of 27 children who underwent aggressive resection had IQ scores at or above average levels. Although 16 children had memory deficits, 14 of them attended regular schools. They contend that "memory impairment did not inter fere with school progress if intelligence was adequate." Yaşargil et al. 123 reported good outcomes in 72.5% of children after initial surgery compared with 61% at re operation. In a series including both adults and children, Fahlbusch et al. 33 reported higher rates of functional inde pendence in patients with primary compared with recur rent tumors (78 vs 58%). Habrand et al. 41 described their 25year experience with limited resection followed by ra diotherapy and reported panhypopituitarism in 97% and psychological disturbances and poor school performance in 29% of children.
The results from our series show that good and ex cellent functional outcomes (Wen Classes I and II) were achieved in 81% of children with primary tumors with slightly lower rates for recurrent tumors (72%). Overall, these rates were not significantly different from the pre operative functional status, and the worse outcomes in the recurrent group were mostly attributable to side effects of prior treatment. Despite a large number of children with large and retrochiasmatic tumors in our series, most of the change in functional status in patients with primary tumors was due to postoperative panhypopituitarism-a side effect common to both major treatment paradigms. Importantly, 73% of collegeaged patients attended or graduated from college, an indication of the high level of functionality and independence that is possible after radi cal resection of craniopharyngiomas in children.
Hypothalamic Morbidity and Obesity
One of the most critical functional disturbances that must be considered in children with craniopharyngiomas is hypothalamic dysfunction-a constellation of distur bances that can include obesity, hyperphagia, memory deficits, thermoregulatory abnormalities, labile behavior, and sleepwake cycle disruption. 23, 43, 66, 77, 82, 91 While "obe sity" is undefined in many reports, the rate of obesity is < 50% in most surgical series (Table 8) . 12, 23, 24, 27, 33, 46, 48, 49, 53, 58, 77, 82, 91, 107, 114, 116 In a German multicenter study performed by Muller et al. 73 in which the authors failed to describe their treatment protocol, severe obesity (BMI > +3 SDs) occurred in 44% of 185 children with longterm "postop erative" followup. De Vile et al. 23 reported risk factors of hypothalamic deterioration to include preoperative dys function, midline tumor height ≥ 3.5 cm, and removal of tumor adherent to the floor of the hypothalamus. Puget et al. 82 used a 3tiered MR imagingbased scale that graded preoperative hypothalamic involvement and postoperative hypothalamic damage to predict dysfunction and QOL. They reported correlations between increased hypotha lamic disturbance with increasing pre and postoperative grade as well as surgeon experience. The ultimate goal of these and similar reports was to preoperatively determine which patients were at increased risk for hypothalamic damage and tailor the surgical strategy accordingly. 66, 77, 91 In our series, 11 of 24 patients in the recurrent tumor group had hypothalamic disturbance following treatment at outside hospitals. We must point out that the majority of the children with these deficits were treated with planned conservative surgery and radiation therapy. While one cannot make comparisons given the nature of referral bias and variability in surgeon experience and techniques, we must point out that some children have hypothalamic dis turbance at presentation secondary to the tumor itself and "conservative treatment" of limited resection and radio therapy can result in hypothalamic injury. Despite a large number of children in our series with large and retrochi asmatic tumors, the rate of new hypothalamic injury was 25% following GTR of primary tumors and was mild or moderate in all but 1 case. We found no significant differ ence in pre or postoperative hypothalamic disturbance between children with pre and retrochiasmatic tumors. Furthermore, mild to moderate memory dysfunction ac counted for most of the patients graded as having moder ate hypothalamic dysfunction postoperatively. As noted previously, memory deficits can often be overcome as long as overall intelligence remains intact.
Unfortunately, data on preoperative BMI were sparse in this series, limiting our ability to quantify increases in BMI following radical resection. We can only note that there was a statistically insignificant trend toward in creased BMI in patients following reoperation in compar ison with BMI at initial treatment. Importantly, the mean BMI following surgery was +1.18 SDs-elevated but still within normal rage. While mild weight gain occurred in many children in our series, fewer than 20% of patients developed obesity and only 2 patients (3%) developed se vere or morbid obesity. These results contrast with the mean rate of obesity in the major surgical series (42%) 12, 23, 24, 27, 33, 46, 48, 49, 53, 58, 77, 82, 91, 107, 114 and results published by Muller et al. 73 reporting severe obesity in 44% of children with concomitant decrease in QOL.
Side Effects of Radiation Therapy and Impact on Reoperation
It is clear, however, that both major treatment para digms can yield noticeable deficits. While radical resec tion causes high rates of iatrogenic DI 23, 46, 53, 82, 114, 115, 123 and potential early neurological morbidity, 12, 23, 48, 53, 58, 103, 123 mod ern endocrine support can adequately supplement pituitary dysfunction, and the neurological and memory deficits im proved with time in most children in the current study. This accords with prior work by our group, which documented continued improvement in neuropsychological deficits over time. 93 Cranial irradiation, which rarely causes acute mor bidity, can have unpredictable and often delayed side effects, especially in children given their long life expectancies. Side effects of radiotherapy include dysfunction of the hy pothalamicpituitary axis and visual apparatus, benign and malignant radiationinduced CNS tumors, cognitive and at tentional deficits, and cerebrovasculopathy/moyamoya dis ease. [5] [6] [7] 26, 28, 29, 31, 36, 37, 41, 51, 52, 60, 63, 64, 72, 75, 84, 87, 88, 90, 96, 97, 102, 105, 106 These effects are more pronounced in younger children 64, 75 and are correlated with increasing target volume and total dos age. 28, 36, 72, 86, 87 These late effects must be recognized when comparing risk-benefit profiles of radical versus limited resection and radiotherapy. Undoubtedly, future advances with intensitymodulated radiotherapy, 3D conformal ra diotherapy, and stereotactic radiotherapy will improve the rates of disease control and limit the toxicity to the sur rounding brain. 70 Regardless of treatment paradigm, however, tumor recurrence after any type of treatment is one of the most common events of craniopharyngioma. 8, 11, 19, 46, 50, 53, 76, 115, 122, 123 In a comprehensive review of published series of pediatric craniopharyngiomas before 1991, Choux et al. 19 reported a mean recurrence/tumor progression rate of 30% after STR plus radiotherapy (range 0-63%) compared with 19% in cases of GTR (range 0-57%). Given such a high rate of re currence, surgeons must consider the effects of their initial treatment strategy on the potential need for future therapy. We report increased failure of subsequent surgery after ir radiation leading to decreased EOR, PFS, and OS. Some authors have contended that radiation-induced fibrosis can be the major obstacle to complete resection in recurrent tumors, 67 ,117 a finding also suggested to occur in irradiated vestibular schwannomas treated with salvage microsur gery. 38, 59 This accords with our finding that dense adher ence of tumor to the adventitia of the cerebral arteries or complete loss of gliotic plane with the hypothalamus was the culprit responsible for incomplete resection in 10 of 11 cases (9 of whom received prior radiotherapy).
Regine and Kramer 86 also reported low rates of OS af ter "rescue surgery" in patients with recurrent tumors who had already received radiation therapy. Thus, in addition to the commonly reported morbidity, one must consider the potentially deleterious effects of early irradiation on the safety and efficacy of subsequent treatments. In expe rienced hands, radical resection alone may afford a greater chance of upfront disease control and potential cure than planned STR plus radiation therapy and provide more ef fective and safer treatment options should recurrence arise. In this series, we have demonstrated that reoperation is not necessarily associated with increased morbidity, with certain caveats. Caution is warranted in attempting radi cal resection of large recurrent and previously irradiated tumors. As Symon and Sprich 110 suggested, caution must be used when dissecting calcified, adherent tumor from ce rebral arteries-a finding more prevalent at reoperation in our series. Given the excellent rates of tumor control with salvage radiotherapy (an available treatment option for pa tients not receiving radiation therapy), the risks of vascular injury when attempting complete resection in these cases certainly overshadow the potential benefits.
Surgical Outcomes of Primary and Recurrent Tumors
In the setting of primary tumors, radical resection is facilitated by the presence of intact arachnoid mem branes separating tumor from the brainstem, visual ap paratus, and the cerebral vasculature. There is also a gli otic pseudocapsule that separates craniopharyngiomas from the floor of the third ventricle and hypothalamus, providing a natural dissection plane that facilitates re section along the superior border of the tumor. 67, 115, 123, 125 In contrast to prior reports that "aggressive" surgery at presentation may preclude GTR at recurrence, 50, 109, 110, 123 we did not find prior radical surgery, per se, a risk factor for incomplete resection at reoperation. Of the 31 opera tions performed on nonirradiated, recurrent tumors, GTR was achieved in 25 cases (81%). Furthermore, GTR was achieved in all 10 patients in whom attempted GTR led to incomplete resection prior to referral to our institution. We agree with Minamida et al. 67 that with meticulous microsurgical technique and an increased use of sharp dissection, a dissection plane can often be safely created to aid in the resection of recurrent tumors-even in the presence of abundant scarring and adhesions.
The overall outcomes of our series, in terms of visual, endocrine, and neurological deficits, compare favorably with other reported surgical series. Table 8 summarizes the outcomes from the largest series of surgically treated craniopharyngiomas (all but 3 of these series being lim ited to primary tumors). The 93% longterm survival for primary craniopharyngiomas in our series is comparable to other large series with similar followup durations (80-100% for studies with ≥ 8 years followup). 12, 24, 34, 48, 49, 58, 67 A review of the literature addressing surgical management of recurrent craniopharyngiomas demonstrates a trend toward increased morbidity and mortality at reopera tion. 8, 11, 12, 19, 25, 27, 33, 48, 49, 117, 123 In the comprehensive review by Choux et al., 19 the rate of operative mortality was higher for recurrent compared with primary tumors (mean 12.3% [range 0-42%] vs 3.7% [range 0-15%]). As demonstrated in Table 9 , rates of GTR are also lower at reoperation than at initial presentation. 8, [11] [12] [13] 24, 25, 27, 33, 46, 48, 49, 53, 67, 103, 114, 116, 117 Nu merous authors have also reported worse functional out comes following reoperation, 8, 33, 117, 123 and neurological morbidity has been reported to be as high as 43%. 48 How ever, our data corroborate those of Kim et al. 53 that reop eration does not necessarily lead to increased morbidity or mortality. They achieved comparable rates of GTR in primary and recurrent tumors without increased morbid ity and attributed their success to identifying tumor re currence at small size while patients were asymptomatic.
Prior studies have reported decreased OS following treatment of recurrent tumors, 8, 33, 50, 86, 120, 123 consistent with our findings. However, we must emphasize that our sub group of patients with primary tumors who experienced recurrence after initial GTR had excellent functional outcomes and superb longterm survival (92% at a mean followup of 8 years). We believe this is attributable to our surveillance protocol, which identified recurrence at an early stage when the tumors were relatively small. This accords with the identification of increasing size to be a significant risk factor for incomplete resection for recur rent, but not primary, tumors. One theory to explain this effect would be that recurrent tumors, having lost their subarachnoid cleavage plane, will be adherent to more surrounding structures as they grow in size. Given that most recurrences happen in the first 3-4 years following resection, 24, 32, 33, 35, 46, 53, 58, 103, 114, 116, 117, 122, 123, 125 these findings underscore the need for frequent surveillance imaging during this time period. We recommend MR imaging at 3month intervals for the 1st year, 4month intervals in the 2nd year, and 6month intervals for the next 3-5 years. In our series as well as in the literature, late recurrences have been reported, 46 necessitating continued longterm clinical followup and continued imaging over a decade. Similar to prior reports, we found no association between growth hormone supplementation and tumor progression or recurrence.
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Risk Factors for Decreased Survival
In our series, incomplete tumor resection, large tumor size (≥ 5 cm), presence of hydrocephalus, and presence of a VP shunt all had a negative impact on OS and PFS. Of note, significantly more patients in the recurrent group had STR and had or required a VP shunt compared with the primary patients. However, subgroup analysis of all pa tients who underwent GTR demonstrated that presence of a VP shunt, but not large tumor size, remained a significant risk factor for diminished OS. These findings corroborate prior studies that reported worse outcomes and increased mortality in patients with hydrocephalus or shunts. 23, 32, 43, 64, 79, 113, 120, 123 While many patients with VP shunts in our series underwent repeated shunt revisions and 2 suffered shunt infections, only 1 patient died of sequelae of shunt ing (acute malfunction). Thus, the mechanisms by which VP shunts contribute to worse survival remain unclear. It is possible that the presence of a VP shunt is a surrogate marker for tumors not amenable to extensive resection and failure to adequately open CSF pathways in the basal cisterns or third ventricle. Future prospective studies or a metaanalysis of existing series would be helpful to clarify if early radical resection could diminish the need for VP shunts and positively affect OS. Similar to the paradigm of Zucarro, 125 we do not treat hydrocephalus at presentation, 110 transpetrosal, 1 and transsphenoidal ap proaches. 16, 39, 56, 61 However, few data exist addressing the optimal surgical approach for craniopharyngiomas in terms of EOR or functional outcomes. In a small series by Colangelo et al., 22 the authors reported better neurological and behavioral outcomes using the subfrontal approach compared with the transcallosal or subtemporal routes. Importantly, no patient in that series was treated via the pterional route-a more common approach in recent se ries. Cavazutti et al. 15 reported less frontal lobe and visual perception dysfunction in patients treated with conser vative surgery and radiotherapy compared with patients treated with radical resection via the bifrontal/subfrontal approach. However, significant frontal lobe dysfunction has been reported to occur following this exposure, which requires bilateral frontal lobe retraction to obtain access to the suprasellar region. 17, 74, 104 We prefer the pterional exposure as it provides the shortest, most direct route to the suprasellar region. This approach minimizes frontal and temporal lobe retraction with wide splitting of the sylvian fissure, allows release of CSF from the sylvian and carotid cisterns to aid in brain relaxation, and provides early visualization of the carot id arteries and optic apparatus. Tumors extending from the pontomedullary junction to the Monro foramen can be successfully and safely removed using this approach without the need for corticectomy, 110, 125 sacrifice of the olfactory nerve, 45 or the potential cognitive dysfunction from retraction of both frontal lobes. 17, 74, 104 We agree with other authors that size has no effect on EOR. 2, 4, 46, 116 We reemphasize, however, that success ful removal may be less likely at reoperation for larger tumors and especially in children who have undergone previous radiotherapy. With the loss of the gliotic cap sule and arachnoidal dissection planes, reoperation may require increased use of sharp dissection techniques to avoid visual, vascular, and hypothalamic injury.
Given the high rates of DI with radical resection, re gardless of pituitary stalk integrity, in our series and those of others, 67, 71, 116, 123 we stress that attempted stalk preser vation should not preclude total resection. 19, 46, 71, 125 Long term management of postoperative DI did not appear to have a negative impact on OS or QOL in our series. In all cases of necessary stalk sacrifice, we section as distal to the hypothalamus as possible without compromising negative margins.
Recent advances in endoscopic tools and techniques have greatly expanded the surgical options to treat cranio pharyngiomas. 16, 39, 56, 61 Two approaches that are becoming increasingly used to treat intra and suprasellar tumors are the transsphenoidal and transnasal approaches. These routes obviate the need for brain retraction and are ideally suited for tumors with prominent intrasellar components. As the ability to prevent CSF leaks continues to improve and more surgeons become familiar with their nuances, transnasal and transsphenoidal approaches will undoubt edly continue to rise in prominence. Some early evidence from small series suggests lower rates of endocrine, vi sual, and neurological morbidity than those associated with craniotomy. 16, 39 These minimally invasive approach es, however, may not be appropriate for larger tumors or those with significant retrochiasmatic or intraventricular components. Furthermore, significant experience is para mount given the limited or late visualization of the op tic apparatus and cerebral arteries and narrow working corridor to stop bleeding should it arise. Whereas the ef ficacy for this approach has been demonstrated for intra sellar disease, longterm PFS, disease control, and OS in suprasellar craniopharyngiomas remain unknown.
Radiosurgery is another minimally invasive method for effectively treating small, solid tumors-with sufficient distance between tumor and nearby structures like the op tic apparatus-whose use will continue to increase in the future. 18, 40, 54, 55, 57 Stereotactic procedures like aspiration and intracavitary treatment with betaemitting isotopes or bleo mycin are also important conservative options for treating tumors with recalcitrant cystic components.
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Study Limitations
Although the data were collected in a retrospective manner and detailed pre and postoperative neuropsycho logical testing was absent in many children, the merits of this series include its large size and lengthy followup. A single surgeon with considerable experience with crani o pharyngiomas performed all operations, and the treat ment aim was consistent across the entire series, that is, attempted complete resection in all patients. Nevertheless, the conclusions reached in this report may not be general izable to all practices and patients. The success and safe ty of radical resection depend on surgical expertise, 82, 94 postoperative endocrinological support, and the familial and societal resources to cope with nearly universal post operative endocrine deficiencies, namely DI. 101 Educa tional assistance or tutoring may be required to maintain schooling at appropriate grade level. If family structure and socioeconomic conditions pertaining to an individual patient do not provide appropriate longterm support and care for this chronic disease, the functional morbidity of radical resection may overshadow the merits of curative resection, especially in young children with many years of potential dependency following treatment.
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Conclusions
We continue to believe that children with cranio pharyngiomas should be treated with curative intent at presentation, whether via radical surgery or limited sur gery plus irradiation. Our bias is toward curative intent with surgery alone at both presentation and recurrence. In contrast to other studies, we did not find worse func tional outcomes, higher surgical morbidity or operative mortality at reoperation. In addition, using an aggressive postoperative imaging protocol, we were able to identify and very successfully treat most recurrences at small size with very little morbidity. We did find diminished suc cess in achieving complete resection in recurrent cran iopharyngiomas-especially larger and previously irra diated tumors-with decreased survival compared with primary tumors. Given the high recurrence rate following all treatment modalities, upfront irradiation may limit the success of future treatment options. In the setting of children-a population of patients at increased risk of the side effects of radiotherapy-radical resection by an ex perienced surgeon may offer the best chance of cure with the least longterm morbidity.
